Abstract-The human smooth pursuit eye movement system has a latency of about ISOmsec. However, this study shows that humans can learn to perform zero-latency tracking of targets that-move with continuous velocity and amplitude-limited acceleration. Su~~ositlon of eye velocity and target velocity records, for our unique target waveforms. demonstrated that the subject was using the correct waveform and not just approximating it with a sinusoid or some other simple waveform. Calculation of the mean square error between target and eye position gave a quantitative measure of how well the human can track. The mean square error between target and eye position was 0.32deg2 for one thousand seconds of steady-state tracking by seven subjects, For several cycles at a time all subjects were able to reduce this error to less than 0
INTRODUCTION
Experiments with transient target waveforms reveal a 150 msec time delay in the human smooth pursuit eye movement system (Rashbass, 1961) . The effects of this time delay are apparent during starting and stopping transients, as shown in Fig. 1 However. when a human (or a monkey) tracks a target that is moving sinusoidally, the subject quickly locks on to the target and tracks with neither latency nor phase lag. It is as if the subject creates an internal model of the target movement and uses this model to help track the target. This internal model has been ~iledapr~ictor (Westheimer, 1954; Stark eta!., 1962) . a fong term learning process (Dahos and Jones, 1963) . a percept tracker (Yasui and Young, 1975; Young, 1977; Steinbach, 1976; Mack et al., 1982) , a neural motor pattern generator (Eckmiller, 1981) . and a target-selective adaptive controller (Bahill and McDonald, 1981) . We conducted a series of experi- . When the target started, there was a 1.50 msec delay before the eye velocity increased; when the target stopped. there was a I20 msec delay before the eye velocity began to decrease. The position mean squared errors (pmse) were 0.12 and 0.36 de& respectively, for the top and bottom records. Target movements were i. 5 deg from primary position. For all of our figures, the time axis is labeled in seconds, and upward deflections represent rightward movements.
